. Forty adult dogs which weighed 10-15kg each and were con-AKINORI KANDA sidered healthy, were each slowly injected intravenously with 20-50mg/kg of thiopental to be anesthetized. The intensity of anesthesia thus caused corresponds to Grade B anesthetic intensity which had been reported by Dr. Takizuka (1) . Immediately after the dogs were anesthetized, they were each given an intravenous injection of about 2cc (2mg/kg) of heparin, and each dog's side of the neck was cut open. When the common carotid artery was exposed, superior thyroid gland artery which branches out here was separated carefully lest it should bleed. Then it was held with a piece of string near the branching point, and a little incision was made on the superior thyroid gland artery at a point 2-4cm from the branching point. A polyethylene catheter (an inside diameter of 0.76mm and an outside diameter of 1.22mm) was put through the incision and, farther through the branching point, inserted into the common carotid artery.
In order to stop bleeding from the incision the catheter was, at the branching point, lightly ligated with a piece of string which had been ready. The catheter was pushed farther, and when it reached the point where the internal and external carotid arteries were branching out, the external carotid artery was held with the tip of the finger so that the catheter be brought, through the carotid sinus into the internal carotid artery.
At a point about 4-5cm from the swelled part, the catheter was made to reach the base of the brain.
Before the operation was started, some blood was taken from the dogs, and when the blood was two or three hours old, this homologous clot was immersed in physiological saline and pounded with a pestle into as fine pieces as possible.
Then, after it was washed several times in physical saline, 0.2-1.0cc of it was taken in a tuberculin syringe, and was injected into the internal carotid artery through the catheter.
One group of the dogs thus treated was immediately used in the measurement of cerebral circulation and metabolic changes.
As for the other group, their catheters removed and their superior gland arteries ligated, they were kept to be used in the measurements which were to be conducted 6-30 days later. The cerebral circulation and metabolism was measured by the method which was reported by us(1) and which was based on N2O method of Kety and Schmidt and Scheinberg (4) . Detailed statement of this method is as follows:
Venous blood was taken from the sinus transverse and arterial blood from the femoral artery.
The mean arterial blood pressure, MABP, was measured of the femoral artery by the direct method. a dog of a medium case is one which has rather a severe hemiplegia; and a dog of a serious case is one which is in a comatose state or in a similar condition. All the dogs of the acute group, immediately after embols was injected, stretched their four limbs, breathed irregularly, and presented some pathological reactions.
On obduction immediately after the measurement, pathological changes in their brains were noticed only in 2 dogs of the 7 dogs, and they were not at all noticed in 5.4 of the dogs belonging to the chronic group died before measurement was conducted and they were all of a serious case expiring within one week after the operation.
Three of these dogs had pathological changes. Of the 13 dogs which were available for measurement, 2 were serious, 3 medium and 8 mild. But 2 of the mild cases showed no changes worthy of clinical observation at the time of the measurement.
c) Positions of Disturbed Areas and Macroscopic Observations:
Of the dogs of the acute group, pathological changes were noticed in 2 dogs, of which one was given the homologous clot into its right neck, and had an intense congestion all over the brain surface, but had no disturbances in the white and grey matters as is seen in Fig. 1 . The other also had the homologous clot into its right neck, and was found to have more than dozen bleeding infarcts of 0.5-0.1mm in diameter scattering only inside the nuclei which run from the right caudate nucleus reaching the center of thalamus. Besides, there was a bleeding nest of 6-4mm in diameter and 0.8mm in depth on the wall of the paracele in the center of thalamus.
Most dogs belonging the chronic group did not show very marked changes when macroscopically observed, compared with those of the acute group. One dog, however, which had had the homologous clot injected into its right neck, as is shown in Fig. 3 and 4, presented a bleeding infarct of 22mm in length and 6-4mm in the greatest diameter extending from the white matter of the left frontmarginalis to the front of N. caudatus and its center and reaching the wall of the left paracele, and also there was a little bleeding white infarct which extended from the formost wall of the right paracele and the white matter in front, to the center of N. caudatus, in addition to a softening area of 14-17mm in diameter which extended from the left parientalis superior to the parietalis inferior and covered most of the grey matter and part of the white matter. When, in this experiment, the cases in which heparin (mg/kg) had been used and those in which it had not were compared with each other, it was seen that, in the acute group of 20 dogs, 7 cases out of 11 in which heparin had been used were successful in the measurement, 2 were unsuccessful and 2 more died: and that, of the 9 cases in which heparin had not been used, 8 died and 1 was unsuccessful in the measurement due to respiratory difficulties.
This showed that all the cases which were successful in the measurement were those in which Heparin had been used.
In the chronic group, out of 20 dogs, 18 were treated with heparin, of which 16 were successful in the measurement (of which 3 showed no pathological changes), and the other 2 died. Both the 2 dogs which were not treated with heparin died.
B)
Cerebral Circulation and Metabolic Changes.
In discussing cerebral circulation and metabolic changes, the author compared his dogs with the group of normal dogs, as controls, which had Grade B anesthesia as reported by Dr. Takizuka(1) of this laboratory. He also named the dogs of the acute case, which were in a condition immediately after the embolism was AKINORI KANDA In either case no significant difference can be considered to exist. While the CVR of the control group was 2.16, that of the acute group was 2.30, which is a little higher than the first figure, but as P was greater than 0.5, no significant difference could be recognized.
In the chronic group, however, the CVR registered 4.03 (P<0.05). This is a marked rise and clearly shows a significant difference. When mutual relations between the CBF the MABP and CVR were examined in the acute and the chronic groups, there existed a close correlation between the CBF and the CVR though there was none between MABP and the other items as was naturally supposed.
b) Cerebral Metabolism:
In the A-VO2 (Fig. 10) , neither the acute nor the chronic group showed any significant differences, but in the CDO2 the chronic group registered P<0.05 which shows a significant difference. In the cerebral O 2 extraction rate, neither the acute nor the chronic group showed a significant difference.
In the CMRO2, the control group gave 3.60 in comparison with 3.00 (P>0.05) of the acute group, showing no significant difference, but the chronic group gave 15 (P<0.05),
showing a marked decrease and therefore a Fig.  10 significant difference. In CRQ no significant difference was found to exist.
c) Glucose Metabolism:
In some cases in the acute group, blood sugar registered an abnormally high value, but not significant difference from the value of the control group could be recognized (Fig. 11) .
In the A-Vgl and CMRgl neither the acute nor the chronic group gave any definite tendency, but in CDgl, the chronic group exhibited a fall, showing a significant difference. among one of the most serious diseases both at home and abroad, and so it goes without saying that the necessity of researches in this field should be strongly emphasized. But when we look back upon the results of the past researches, little of them have been available for the benefit of human beings due to the absence of satisfactory method of the study and animals to be experimented on .
Attempts to produce a cerebral attack or circulatory failure in the central nervous system have often been made. For instance, one or more than one of the main arteries in the neck were simply ligated with a view to causing an infarct , but no infarct was caused. A further attempt, in which all the four main arteries in the neck were ligated, was made for the same purpose without success , and the animal survived, it was reported(3). This author , too, in the past, ligated the main arteries in the necks of several dogs, but no pathological changes were recognized, nor any noteworthy changes were caused in their clinical symptoms and metabolic phases(5).
In 1926, Globus and Straus(6) reported that cerebral hemorrhage is caused as a result of brain softening due to the plugging of a cerebral blood vessel, and that the explosion of a cerebral artery breaks out owing to the weakening of its supporting structures. Fazio and Sacchi(7) reported that they succeeded in producing a bleeding infarct as a result of administering epinephrine thirty minutes after an air embolism was carried out. Whisnant and his coworkers (2) succeeded in making infarct by injecting vinyle acetate into an artery in the neck. Again, Wright(8), Colbeck and Moyes(9), carrying out embolism each in his own way, have successfully caused an occlusion in the blood vessel and an infarct.
On the bases of the above experiments Moyes and his collaborators desired that the ideal conditions on which an experimental cerebral embolism could successfully be caused should be: 1) Possibility of success in causing an embolism should be great, 2) the embolism be an occlusion in the blood vessel similar to cerebral thrombus, 3) death rate after operation be low. They also reported results of their experiments in which they injected into the internal carotid artery the following substances: 1) thrombin and sodium morrhuate, 2) thrombin, and sodium morrhuate mixed with blood, 3) thrombin mixed with blood with a later addition of sodium morrhuate, 4) 24 hour old coagulated blood, 5) coagulated blood with an addition of sodium morrhuate. They added that when they used either thrombin and sodium morrhuate only or they used them with an addition of some blood, they could not get a successful result, for almost all the animals in which infarct was made died 24-30 hours later, and that when they used 48 hour old homologous clot without an addition of other substances they got a successful result, for most animals had their infarcts produced, and Of the 20 dogs belonging to the acute group 10 died immediately after the homologous clot was injected, and 3 died due to respiratory difficulties.
It seems that the reason why so many dogs died was perhaps that the homologous clot was injected so fast that it reached as far as the area which the vertebral artery and so produced disturbances in the respiratory-center. Therefore it was considered that one of the factors that would assure success was to make the injection speed constant and slow and also to make the dose small.
Thus in the case of the chronic group the dose was 0.2cc and the injection speed was the lowest. As the result, the death rate sharply dropped.
For only 4 dogs died immediately after injection, and this figure is very small in comparison to that of the acute group. It is needless to say that the use of anti-coagulator contributed much toward lowering the death rate as it had been used clinically and its effect proved. In this experiment, also, in the acute group, 8 dogs out of the 9, to which heparin had not been given, died, while only 2 of the 11 to which heparin had been given, died. A similar result was obtained as regards the chronic group. Thus there are many technically difficult problems to be faced as to the amount of the dose, the speed of injection and the way the anticoagulator is used, and so the author, this time, was unable to attain to such a high rate of success as was reported by Millikan. Again the cases in the acute group in which infarcts were recognized clearly macroscopically and pathohistologically were only 2 out of 20. While in the chronic group, 13 out of the 20 had their infarcts.
This result was found because in the acute group , confirmation of the changes was made by obduction immediately after death which occurred several minutes after the homologous clot was injected , and because the 2 dogs which had their infarcts or changes on the brain surface were dissected and examined several hours after the measurement of their cerebral circulation. Therefore temporal factors can not be disregarded in the consideration of the formation of infarcts, though we should not be too hasty in drawing conclusion.
In the acute group, 13 dogs out of 16 which survived had their infarcts.
As to the positions where diseases had appeared , Millikan reported that they were, in almost all cases, found in the middle cerebral artery area on the side where the injection was made. In this experiment , except in one case in which there was a congestion on the brain surface , in all the 15 cases in which pathological changes were found, the changes were found on the side where the injection was given, of which 2 had the changes even on th e other STUDIES ON CEREBRAL EMBOLISM 45 side. Thus the relation between the injected side and the changed side, if the injection speed disregarded; naturally indicated the direction of the blood flow. And it is conjectured that the flow of the internal carotid artery acted most powerfully on the middle cerebral artery though part of it might flow to the anterior cerebral artery and to the opposite side. Further, the positions where pathological changes appeared were chiefly in the thalamo-stria, sometimes extending to the white and grey matters. It was also found that all the infarcts were bleeding and no white infarcts were produced in any case, although no manipulation was attempted to raise the blood pressure or to cause changes in the blood vessels.
B) In discussing cerebral circulation and metabolic changes we must know how to apply the N2O method to dogs and what the normal values are. On these subjects Dr. Kodama(9) of our laboratory reported detailed report. It goes without saying that an experiment on animals should be conducted while they are being anesthetized. Above all, when the dynamic aspect of cerebral circulation is to be observed the kind and intensity of anesthesia are greatly concerned. According to the report by Dr. Takizuka and Dr. Kodama it was defined that a state in which an adult dog breathes quietly, makes no spontaneous movement and has corneal reflex left has normal values in its cerebral circulation, and when the anesthetic state is less intense a decrease in the quantity of the cerebral blood flow occurs, and when it is more intense an increase in it occurs. In this experiment the author used the normal values set by Dr. Kodama as controls. This intensity of anesthesia (Grade B anesthetic state) was considered ideal because, when N2O method was going to be carried out, the dogs would inhale the gas well, and feel little pain. On cerebral apoplexy, cerebral circulation and various metabolic rates, there were reports of clinical cases -reported by us(10), by the staffs of Mikamo Internal Department(11), Heyman and Patterson(12). But all of these reports treated of the cases in which considerable time elapsed since the outbreak of the cerebral vascular lesion(13). Only 3 cases in our experiments and those by Dr. Atarashi(13) treated of the measurement of the state of cerebral circulation just after the outbreak of the disturbances. For in clinical instances there have been very few chances of conducting measurement of cerebral circulation, and they had to depend on animal experiments. There was little difference between the amount of the cerebral blood flow of the acute group and that of the control group, and some dogs of the acute group had even more of it than the control group. This result does not apparently correspond with the reports by us and Dr. Atarashi who had stated that there were decreases in CBF and in CMRO2, and also an increase in CVR while the animal was in a comatose state due to cerebral hemorrhage.
But we must take these facts into account that in one instance, the cerebral hemorrhage was considerably extensive, and in the other the change was produced by an injection of only a small amount of coagulated blood. In almost all cases of the acute group no pathological change was observed on obduction, and therefore an examination of a case in which an extensive change was produced was impossible.
However, we can not expect that a mere intrusion of a small amount of foreign bodies will produce a sudden change in all the cerebral blood vessels and bring about an abnormality in blood flow and metabolism. And it is conjectured that until an organic change develops to some extent, CBF and metabolic changes continue comparatively normal. Therefore if the disturbances produced cover comparatively a small area even when clinically viewed, the effect on the whole brain can not be expected to appear immediately, though the local conditions are not clear. Moreover, any change in the MABP, CVR or PO2 in the blood was not noticed. But when the disturbances extend to the brain stem, it is quite clear that abnormality of breathing and abnormality of O2 and CO2 of blood and a change in the dynamic aspect of circulation will take place. But it is practically impossible to conduct measurement under such a condition. In the chronic group the amount of CBF decreased significantly and CVR increased, but no change was observed in the mean arterial blood pressure, PO2 in the blood and pH. When 38 cases of cerebral apoplexy in our experiments, it was found that there were an increase (+143%) in the CVR and a decrease (-44%) in CBF , and that the decrease in CDO2 ran nearly parallel with the decrease in the CBF which agrees with the result of this author's researches (Fig . 12) . CMRO2 decreased independently of cerebral A-VO2 and was influenced powerfully by the CBF. But in the serious cases No . 8 and No. 12, their cerebral arteriovenous difference was great, and this showed that in a very serious case an adjustment was going on to some extent.
No correlation was noticed at all between the cerebral blood flow and PCO2 in the blood . This was considered to be due to complicated factors such as the necessity of conducting experiment on an anesthetized animal, inability of keeping the animal in a constant condition and so on. So this problem must be left to the future researches . Attention must be paid to the fact that though the CMRO2 showed a significant d ecrease in the acute group, CMRO2 rate showed no definite tendency . And this was because the blood sugar value in a dog does not register such a constant value as is the case with a human being, and is highly variable . 
CONCLUSION
Homologous clot was injected into the internal carotid artery of 40 dogs and acute and chronic cerebral embolisms were produced in them. Then their cerebral circulation and metabolic changes were measured by new method.
1) Only 7 dogs out of 20 which belonged to the acut group were success-fully measured.
2) Only in 2 dogs out of 20 of the acute group cerebral pathological changes were recognized on obduction.
3) In the chronic group pathological changes Were noticed in 13 dogs out of 20, 4 died, and 3 had no pathological changes. 4) Damages were found in the homolateral middle cerebral artery.
5) Employment of an anticoagulator seems to be indispensable when homologous clot is to be injected.
6) All the infarcts produced were hemorrhagic.
7) In the acute group, when compared with the control group, no significant difference was observed in cerebral circulation and metabolic changes, but in the chronic group were noticed decrease in cerebral blood flow and increase in cerebral vascular resistance together with serious disturbances in cerebral circulation and metabolism. These disturbances were not necessarily in parallel with the sizes of the damaged areas. No improvement was seen within one month after operation.
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